Abstract-A portable, robust, and easy to use iodine-stabilized laser operating at a wavelength of 633 nm has been realized at the BIPM. The size of the laser and its electronic servo are such that they can be installed in a suitcase having dimensions acceptable in an aircraft cabin as hand baggage. The performance of this laser is comparable to that of stationary lasers. A frequency repeatability of a few parts in 10" and a frequency stability that can reach 2 parts in lOI3 on a 300 s sample time have been achieved.
I. INTRODUCTION OR some twenty years, the BIPM has been involved F in the design, manufacture, and use of stabilized lasers as wavelength and frequency standards. Since 1983, such lasers have been used to provide the radiations recommended by the CIPM in the mise-en-pratique of the definition of the meter [ 
13.
The most widely used of these radiations is that at a wavelength of 633 nm obtained by the stabilization of a He-Ne laser on iodine. Numerous international comparisons of such lasers have taken place [2] and this has provided a great deal of information on the critical design parameters and their influence on the wavelength.
We have taken advantage of the experience thereby gained to design and build an easy-to-use portable laser that can, nevertheless, provide a reference of the highest accuracy which, with only minor simplification, can be used as a secondary reference laser. In its simplified form, the laser remains more than adequate in terms of accuracy for the most demanding practical length and wavelength measurements. For details of other portable iodine stabilized lasers, see [3] , [4] . 
DESCRIPTION OF THE APPARATUS
The laser is contained in a duralumin box of dimensions: 470 mm x 102 mm x 102 mm. The principal features of the mechanical design of the laser are shown in Fig. 1 . A is a tube made either of invar or of duralumin. The adjustments of the axis of the laser tube, B , and of the iodine cell, C to the optical axis of the cavity are made using eccentric washers, D.
The two-adjustable mirror mounts, E, supporting the piezoelectric elements and the mirrors are similar to those used with the BIPM reference lasers. An additional system using a Peltier element is used to give a slow, but very wide dynamic range, compensation for thermal expansion of the cavity.
The temperature of the body, A, of the laser is also stabilized by means of two Peltier systems. These are referenced either to a thermistor included in a Wheatstone bridge, when the laser servo is unlocked, or to the frequency error signal when the laser is locked. The piezoelectric elements and the Peltier systems have been chosen so that the stabilization of the laser can be maintained over 24 h even in poor ambient thermal conditions.
A considerable effort was made to design a highly automated and robust electronic servo system taking up as little space as possible. The aim was to produce a complete system of laser and electronic control systems that would fit into a case meeting the standard dimensions for aircraft cabin baggage, namely 54 cm x 44 cm x 15 cm.
The complete system, including case, weighs about 20
In its high accuracy configuration the laser includes an iodine cell having a cold finger stabilized at about 15°C.
In its simplified version, the iodine cell has no cold finger and the iodine pressure is set at the time of filling and is subsequently proportional only to the ambient absolute temperature. This leads to a frequencykemperature coefficient about two orders of magnitude smaller than that usually observed in a normal cell. See [5] elsewhere in this volume for a description of this type of iodine cell.
The lasers can be stabilized on any one of the four components d, e, f, or g of the R (127) for 1 s sampling time (5.9 parts in 10'~) for 10 s sampling time (1.7 parts in 10l2) for 100 s sampling time (4.8 parts in and at 300 s a plateau of (2 parts in 2) Relative frequency stability: is reached.
The lasers using the simplified iodine cell exhibited a frequency reproducibility better than 1 part in lo1'. The absolute frequency depends on the initial filling pressure of the iodine cell, but we are able to adjust it to keep the frequency within a few parts in 10" of its specified value.
IV. USE IN ABSOLUTE GRAVIMETER
One specific application of a rugged iodine-stabilized laser is in an absolute gravimeter. One configuration of an absolute gravimeter is a Michelson interferometer in which one end mirror is part of a free-falling mass within a vacuum chamber, and the other is attached to a vibration-isolated reference platform. Fig. 2 is a schematic of the measurement system of such a device. As the mass falls, interference fringes are generated, which are counted and their time of occurrence measured. The resultant position-time data of the free-falling trajectory are used to determine the gravitational acceleration. Discussions of the contemporary goals of absolute gravimeters may be found in [6]- [9] .
All modem absolute gravimeters use laser interferometry to measure the position of the free-falling mass. The desired accuracy of the best absolute gravimeters requires a length standard, provided by a stabilized laser, known to better than 1 part in lo9. Both Zeeman stabilized lasers [ 101, [ 113 and polarization-stabilized lasers [ 121 have been used in absolute gravimeters, but both types of lasers must be frequently recalibrated against iodine-sta- bilized lasers if high accuracy is to be achieved. Furthermore, polarization-stabilized lasers have additional problems with output mode frequency purity [13] , [14] . Iodine-stabilized lasers provide both single mode output and the stability of the hyperfine absorption feature as well as the accuracy. In January 1992, at the Joint Institute Laboratory for Astrophysics (JILA), Boulder (Colorado), a BIPM prototype laser was mounted on the JILA4 absolute gravimeter, (operated by NOAA Office of Ocean and Earth Sciences) and used to conduct measurements over a period of six days. Individual data points shown in Fig. 3 250 drops. The individual set means showed no obvious drift terms, and the estimations of the standard deviation on the absolute value of g of the different sets were in the range of 22 nm/s2. It is worth mentioning that the iodinestabilized laser remained locked without intervention for periods exceeding 24 hours. In 1989, a long series of measurements had been made, using a polarization stabilized laser, which gave standard deviations in the range 51-68 nm/s2 [15].
V. CONCLUSION
A portable, easy-to-use iodine stabilized laser has been made that can be produced in either one of two configurations. In the first, an iodine cell is used that meets all the specifications for high accuracy and in this case the laser is estimated to be as good, if not better, than the existing BIPM reference lasers. In the second, configuration, the use of a simplified iodine cell still allows an accuracy to be achieved that is good enough for nearly all practical length and wavelength measurements. The results obtained with the JILA4 gravimeter demonstrate the performance of this laser in such an application. In both cases, the robust servo system allows stabilization to be maintained even in the presence of relatively poor ambient thermal conditions.
